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DEVICE AND METHOD FOR DILUTING A SAMPLE 
PRIOR APPLICATIONS 

[0001] This application claims benefit of Patent Cooperation Treaty Application 

Number PCT/GB2003/ 003569, filed August 14, 2003, which claims priority from Great Britain 
Application Number 0218946.2, filed August 14, 2002. 

FIELD OF THE INVENTION 

[0002] This invention relates to a method and apparatus for diluting a sample before 

performing mass spectrometry on the sample. 

[0003] The invention is described herein with reference to liquid samples which require 

dilution before they are analysed in a mass spectrometer. However, the invention is not limited 
to liquid samples and can equally apply to dissolved or suspended samples. 

DESCRIPTION OF THE RELATED ART 

[0004] Analysis equipment for analysing trace elements in liquids have a limited 

capability of measuring samples which contain relatively high levels of dissolved solid material, 
or matrix (such as CaCOs or dissolved salts in water, of the like). The trace elements of interest 
to the user are often only a few parts per billion, or lower, whilst the matrix can be many parts 
per million, or higher. Such high levels of matrix can have undesirable effects on the analytical 
equipment, such as deposition of materials on orifices, glassware, or ion optical elements, 
unless the sample is appropriately diluted. 

[0005] Inductively coupled plasma mass spectrometers (ICP-MS) typically require a 

total dissolved solid level of less than 2000mg/l to avoid this so-called swamping effect. The 
dissolved solids which are deposited on components within the instrument, for example on the 
cones which sample the plasma and skim off a portion of the supersonic jet, significantly 
reduces the reliability of a test result and the results of any other subsequent test. If deposition 
of materials occurs, the instrument has to be thoroughly cleaned before accurate testing can 
resume. 

[0006] Test laboratories are often required to analyse many samples quickly where the 

matrix content of each sample varies widely. Typically, the user would wish to dilute each 
sample by a certain amount to determine the analytes present in each sample, and whether the 
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sample can be analysed undiluted. If dilution is required, this initial test provides an indication 
of the dilution factor necessary to bring the total dissolved solids down to a level tolerated by 
the instrument. 

[0007] Such manual intervention is too cumbersome, time consuming and costly if 

many samples per day require analysis. Presently, samples which introduce too great a loading 
of dissolved solids for the instrument to cope with are re-analysed once the analyser has been 
cleaned. Analysis must cease for instrument cleaning, and samples inadvertently analysed after 
contamination has occurred must be re-analysed. These additional steps require considerable 
operator intervention. Such a limit to the throughput of samples is undesirable and operator 
intervention is costly. 

[0008] Automated dilution systems have been used previously and, referring to figure 

1, such an automated system 10 known in the art is shown in highly schematic form. A sample 
12 is drawn from a container by a sample pump 14 to a mixing tube 16. Similarly, a diluent 18 is 
drawn by a diluent pump 20 to the mixing tube 16 from a separate diluent container. The 
sample is diluted in the mixing tube where it is completely mixed with diluent. An instrument 
pump 22 draws the diluted sample from the mixing tube and into the instrument or analyser, 
not shown in figure 1. 

[0009] Both the sample and diluent pumps have to be able to maintain accurately flow 

rates to ensure the sample is diluted precisely. If the dilution is hot maintained to a known 
level and within a relatively tight tolerance, the accuracy of the analysis results may be 
unacceptable. Likewise, the instrument flow must be maintained at an accurate flow rate to 
ensure the diluted sample is pumped to the analyser's input at a known, controllable rate. Thus, 
all the pumps (and their associated flow rates) need to be controlled accurately to maintain 
accurate test results. 

[0010] Presently, peristaltic pumps are used to pump the sample, diluent and diluted 

sample through the dilution system. Typically, dilutions ratios of 50:1 of diluent to sample are 
used for mass spectroscopy. Hence, the diluent pump rate is typically fifty times greater than 
the sample pump rate. Peristaltic pumps have a limited range of flow rates and the sample and 
diluent pumps often operate at the extremes of their flow rate range. Also, the limited flow rate 
for peristaltic pumps limits the dilution factor by which the sample can be diluted. 
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[0011] The rate at which the diluted sample enters the instrument (not shown) depends 

on the type of instrument being used but is relatively low and typically a few millilitres per 
minute. Typically, the combined flow rates of the sample and diluent pumps exceeds the 
instrument pump flow rate. This is because all the pumps have a relatively similar range of flow 
rates in which they can operate. Thus, for example, at dilution factors greater than ten, the 
dilution pump 20 must be operating at a high flow rate which typically exceeds the acceptable 
flow rate of the analysis instrument. It is, therefore, necessary to provide a waste outlet 24 to 
prevent build up of pressure in the system; excess diluted sample not pumped to the 
instrument flows to a waste container 26. At high dilution factors, the solution flowing to waste 
can exceed the solution entering the analyser by as much as a factor of fifty. Materials in the 
waste container are discarded and, since high quality diluent necessary for accurate test results 
is relatively expensive, this wastage is an additional economic burden on test laboratories. 
[0012] Other types of pumps, such as syringe pumps can also used. Syringe pumps 

require the syringe to draw up the fluid (be it the sample or diluent) before it is pumped to the 
analysis instrument. A series of valves is therefore required to ensure the correct flow of fluid 
through the system. The additional time required to draw the fluid into the syringe limits the 
laboratory's (or analysis instrument's) ability to test many samples over a period of time. 
Furthermore, the time required to control the valves further limits the throughput of test 
samples, and extra control algorithms may be necessary for the system controller to control the 
valves, further increasing system complexity. 

[0013] A pumping system similar to the ones described above is disclosed in US 

5,007,297 (Pacific Scientific Company) . 

[0014] Another automated pumping system 28 known in the art is shown in figure 2 in 

highly schematic form. Sample 29 is pumped along a first pipe 30 by a syringe pump 31 to fill 
the syringe (not shown). A valve 32 is closed to prevent fluid entering the syringe from the 
pump discharge pipe 33. When the pump is charged with an appropriate amount of sample, the 
valve is opened and the syringe plunger driven at a constant rate to provide a flow of sample 
along pipe 33 in the general direction indicated by arrow Z. A one way valve in the pump (not 
shown) prevents the sample from flowing back to the container 29 during the phase sample 
flow along pipe 33. 
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[0015] A mixing region 34 of the pipe is defined by a second pipe 35 adjoining pipe 33 

in a generally "T" or "Y" shaped configuration. As solution is aspirated by the instrument 
pump system (for example, a nebuliser), an uncontrolled pressure drop is produced in pipe 35. 
This causes an uncontrolled flow of solution along pipe 33' from the mixing region 34. This 
flow rate is a combination of a controlled flow of solution from the syringe pump, and an 
uncontrolled flow of diluent along pipe 35. The inability to control the flow of diluent results in 
an uncontrolled dilution factor. There is no instrument pump to pump the diluted sample to 
the analyser in this arrangement. 

[0016] Problems arise with systems which rely on this arrangement. For instance, there 

are limits to the dilution factor this system can provide, especially if the analyser requires the 
diluted sample to be pumped at a specific rate. This problem could be overcome by providing 
an instrument pump and pressure relief system, similar to that shown in figure 1. However, the 
problems associated with the system in figure 1 now become prevalent with this system, for 
example, diluent wastage. 

[0017] US 4,804,519 describes a sample analysis apparatus. A motor drives a pair of 

pumps with the same angular velocity, but different pump rates are achieved by using tubes 
with different internal diameter in each pump. This arrangement requires the tube of one or 
both of the pumps to be removed from the system whenever a different flow rate of solution 
through a pump is required. 

[0018] US 4,245,509 describes a sampling apparatus which uses syringe pumps to pump 

fluids through a mixing region. Each syringe is arranged so that each of the syringe's plungers 
are moved at the same rate. Thus, a difference in flow rates of fluid flowing from each syringe 
is only controlled by changing syringe diameter and/ or tube diameter. 

[0019] US 2002/0011437 Al describes a liquid chromatograph system which controls a 

mixing ratio of two liquids by independently controlling the flow rate of two pumping devices, 
each of which pumps a different liquid, before the liquids reach a mixing region. 

SUMMARY OF THE INVENTION 

[0020] It is an aim of the present invention to ameliorate the problems associated with 

the prior art. Furthermore, it is an aim of the present invention to provide an apparatus which 
improves upon known systems in mass spectrometry. More specifically, there is provided a 
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mass spectrometer pumping device for supplying a diluted sample to a mass spectrometric 
analyser, comprising: a mixer arranged to mix a sample with a diluent to form the diluted 
sample, said mixer being disposed between a first and a second conduit such that, in use, a 
sample enters the mixer through the first conduit at a first flow rate and a diluent enters the 
mixer through the second conduit at a second flow rate, the mixer being arranged so that said 
diluted sample exits the mixer through a third conduit at a third flow rate, said third flow rate 
being substantially equal to the sum of the first and second flow rates; pump means for 
pumping fluid through the mixer and into the analyser; and a pump controller arranged to 
receive data from the analyser indicative of the amount by which the sample is diluted and to 
control the pump means so that any of the first, second or third flow rates are adjustable with 
respect to one another in dependence upon the received data. 

[0021] There is yet still provided a method for diluting a sample prior to performing 

mass spectrometry on the sample in an analyser, using a pump system comprising a first pump 
means, a diluent for diluting the sample, a mixer for mixing the sample and diluent, a first 
conduit disposed between a sample container and the mixer, a second conduit disposed 
between a diluent container and the mixer, and a third conduit disposed between the mixer and 
the analyser, wherein the pump means draws sample through the mixer, so that the flow rate of 
diluted sample along the third conduit is substantially the sum of the flow rate of diluent along 
the second conduit and the flow rate of sample along the first conduit, and a controller controls 
the pumps means to adjust the first, second or third flow rates with respect to one another in 
dependence upon data received from the analyser indicative of the amount by which the 
sample is diluted. 

[0022] The embodiments have an advantage of reducing system complexity, increasing 

dilution factor range over which the system can operate acceptably, increasing sample 
throughput, and decreasing operator intervention. Providing a feedback of data from the 
analyser to the pump controller can provide near instantaneous automatic control of the 
amount by which the sample is diluted. This reduces the need for operator intervention, for 
instance, and can greatly improve the time efficiency of the analyser. 

[0023] Embodiments of the present invention have a further advantage of a reduced 

number of pumps required to dilute the sample accurately before it is analysed with a 
substantial improvement to the range of dilution factors. The pump system and the dilution 
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factor can be more easily controlled to better accuracy levels. The time taken to change samples 
for dilution is greatly reduced using embodiments of the present invention, thus increasing the 
number samples which might be tested by an analyser. Also, virtually no diluent is wasted 
during normal operation. 

[0024] A further aspect of the present invention resides in the method further including: 

i) replacing the sample container with the another sample container containing a second 
sample: ii) varying the first rate to substantially the third rate for a predetermined time; and iii) 
after the predetermined time, reducing to first rate so that the sample is diluted by a dilution 
factor; wherein the predetermined time is substantially the time taken for the second sample to 
be transferred from the another container to the mixer at the first rate. 

[0025] This further aspect has the advantage of substantially reducing the time taken to 

exchange samples for dilution and hence increases the number of samples which can be tested 
or analysed over a given time period. 

[0026] The present invention provides an additional method for diluting a sample prior 

to performing mass spectrometry on the sample in an analyser, using a pump system 
comprising, a first pump means, a second pump means, a diluent for diluting the sample, a 
mixer for mixing the sample and diluent, a first pipe disposed between a sample container and 
the mixer, a second pipe disposed between a diluent container and the mixer, and a third pipe 
disposed between the mixer and the analyser, the first pump means being arranged to pump 
the sample or the diluent at a first or second flow rate along the first or second pipe 
respectively, to the mixer, the second pump means being arranged to pump the diluent or 
diluted sample at a second or third flow rate along the second or third pipe to the mixer or 
analyser respectively: the method comprising; a) pumping the diluted sample between the 
mixer and the analyser at the third rate; b) pumping the sample at an initial rate for a 
predetermined time; c) after the predetermined time, reducing the initial rate to the first rate; d) 
mixing the sample with a diluent to dilute the sample; and e) controlling the first or second 
pump means to adjust the first, second or third flow rates in dependence upon data received 
from the analyser indicative of the amount by which the sample is diluted, wherein, the initial 
rate is substantially the third rate, the predetermined time is the time taken for the sample to be 
transferred from the container to the mixer at the initial rate, and the third, second or first flow 
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rate respectively is substantially equal to the difference between the second and first, third and 
first, or third and second flow rates respectively. 

[0027] The present invention provides a yet further method supplying a diluted sample 

to a mass spectrometric analyser for analysis, comprising; diluting a sample by mixing said 
sample with a diluent in a mixer, pumping said diluted sample to the analyser from the mixer, 
and controlling the dilution factor by which the sample is diluted by controlling the flow rate of 
the sample and/ or diluent to the mixer, wherein the controlling of the dilution factor step is 
carried out in response to data received by a pump controller from the analyser. 
[0028] Embodiments of the invention have further advantages of substantially reducing 

the operator intervention, and increase the sample throughput rate. The embodiments aim to 
provide automated dilution of the sample at a consistent and safe level before the sample is 
introduced into the analyser. Dilution of the sample to a safe level also has the advantage of 
allowing the required precision of analysis to be carried out on trace levels within the sample by 
automatic dilution of the sample. The sample throughput can also be increased by a relatively 
rapid introduction of new (or different) sample solutions up to the mixing region by controlling 
the flow rate of the sample uptake. The cost of diluting samples can be reduced by reducing the 
amount of diluent used by the dilution system; only the volume of diluent required to dilute the 
sample to a required safe level can be consumed and little or no diluent is wasted. (By 'safe 
level', we mean a dilution factor necessary to avoid contamination of the analysis 
instrumentation.) 



DESCRIPTION OF THE DRAWINGS 

[0029] Embodiments of the present invention will now be described, by way of 

example, with reference to the accompanying drawings, in which: 
[0030] Figure 1 is a schematic diagram of a pump system known in the art and 

described above; 

[0031] figure 2 is a schematic diagram of a pump system known in the art and described 

above; and 

[0032] figure 3 is a schematic diagram of another pump system embodying the present 

invention. 



Page 7 of 27 



Attorney Docket: 35365.4 

DETAILED DESCRIPTION OF AN EMBODIMENT 

[0033] Referring to figure 3, a pump system 50 embodying the present invention is 

shown in schematic form. A sample 52 to be analysed is drawn from a container by a first 
pump 54 along a first pipe 56 to a mixing section 58. The end of the first pipe at which the 
sample enters the system is completely submersed in the sample to ensure no air enters the 
system. At the mixing section, the first pipe 56 is joined to a second pipe 60 to form a single pipe 
62. 

[0034] The mixer is a "Y" or "T" configured junction in the tubing or pipes. Other, 

more complex arrangements of pipe joints might be used which ensure thorough mixing of the 
fluids entering the mixing region from the first and second pipes. The exit of the mixing section 
comprises a single pipe 62 disposed between the mixing section and a second pump 64 which 
pumps fluid from the mixing section to an instrument (not shown) for analysis. 
[0035] Mixing of the sample and diluent to form a diluted sample takes place at the 

interface of the first, second and third pipes. Additional mixing might also occur for some 
length along the third pipe from the mixer to the analyser. Mixing occurs as a function of the 
turbulent flow of the sample and diluent at the junction and possibly along the third pipe, and 
also by diffusion of the two fluids. In this embodiment, mixing may also occur as the fluid 
passes through the second pump on the third pipe, particularly if the second pump is a 
peristaltic pump. 

[0036] The first pump is preferably a piston type pump, similar to the milliG AT pump 

head supplied by Global FIA Inc. (described in US6,079,313). This type of pump allows a much 
greater range of flow rates, compared to peristaltic pumps for instance, and can operate to 
continuously pump relatively large or small volumes of sample at a constant, or varying flow 
rate, as desired. Furthermore, this type of pump can operate at very low flow rates (typically in 
the region of micro litres per minute) with the accuracy and precision required for ICPMS 
applications. This piston pump system does not suffer the disadvantages associated with the 
prior art systems described previously. The second pump may be the same type as the first 
pump, or, if appropriate, may be a (much cheaper) peristaltic pump. Of course, the first and 
second pumps are operable at different flow rates with respect to one another, and 
independently of each other. 
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[0037] A diluent 66 is drawn from a diluent container 67, up the second pipe 60 to the 

mixing section 58 where it mixes with the sample, and hence dilutes the sample. The end of the 
second pipe at which the diluent enters the system is completely submersed in the diluent to 
ensure air does not enter the system. The flow from the mixer to the instrument of the diluted 
sample is accurately controlled by the second pump 64 at Flow 3; the second pump is also 
controlled by the controller 55. Thus, when Flow 1 < Flow 3, the diluent is drawn along the 
second pipe 60 to the mixer at a flow rate Flow 2, following the equation 

Flow 1 + Flow 2 = Flow 3 ; 

asisuming the liquids in the pipes are non-compressible. (The flow can be measured in litres per 
minute). 

[0038] Preferably, Flow 3 is kept constant by the second pump 64, hence the rate of 

arrival of diluted sample of the instrument is constant. Varying the flow rate of the first pump 
therefore changes the dilution factor D by which the sample is diluted, where 

D = Flora 2/ Flow 1 ,or 
D = (Flow 3 / Flow 

[0039] So, from the equations above and assuming Flow 3 is constant, a decrease in the 

first pump's flow rate {Flow 1) increases the diluent flow to the mixer section, and hence the 
dilution factor D. 

[0040] An example of how the pump system embodying the invention can operate with 

an ICP-MS instrument is now provided. During operation, all samples are routinely diluted by 
a discrete predetermined dilution factor Di before the sample is analysed. Di is initially set to a 
relatively high level so that the sample is diluted to such an extent that any dissolved solids (or 
matrix)in the sample are sufficiently diluted when the sample is analysed. In this way, adverse 
effects to the analysis instrumentation or the test result can be prevented or reduced. Typically, 
Di = 100. 

[0041] Analysis software which checks the analyser results determines the extent of 

diluted matrix in the sample, to see whether further dilution is necessary. Also, the analysis 
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data, or results are processed to determine the precision of the measured analyte signal. This 
data can be fed to the controller 55 for real time adjustment of the dilution factor, depending on 
the analysis results. For instance, if the analyte signal is too weak, the dilution factor may need 
to be reduced. Moreover, the instrument may not be able to measure analyte concentration 
with the required accuracy if the analyte signal is too intense (in which case the sample may 
require further dilution by a factor D2). Flow rate information or data can be passed from the 
pumps (or any flow meters - not shown) back to the controller for use by the controller. 
[0042] Therefore, it is possible for the controller to change the dilution factor (if 

necessary) having riegard for the analyser results. For example, if the results show too much 
matrix remains in the diluted sample for accurate analysis, the controller can reduce the first 
pump's flow rate, thereby increasing the dilution factor, as described previously. 
[0043] D2 can be calculated by comparing the matrix signal from the analyser with a 

pre-determined maximum level used for providing adequately accurate results. As previously 
described, the new dilution factor D 2 is achieved by adjusting Flow 1 of the first pump 54. As a 
result, the dilution factor can be controlled in real time as analysis results are made available 
from the analyser. Thus the throughput of the instrument can be greatly improved and less 
intervention from a human operator is required. Furthermore, if the dilution factor is 
maintained at a relatively high level, the inlet of the analyser can be prevented from becoming 
contaminated with matrix materials, thus reducing the downtime necessary for cleaning the 
instrument. 

[0044] When a new, or different, sample is required for analysis the first pump 54 

pumps the new sample from a container at a rate just less than, or substantially equal to, Flow 3 
for a period of Tl. The period Tl is calculated so that the new sample completely fills the first 
pipe from the mixer 58 to the first pump 54, using the equation 

Tl = V/(Flow 1) 

where V is the volume of the tubing 56 from the sample uptake to the mixer, including any 
volume occupied by the sample within the first pump 54. 

[0045] After time period Tl has elapsed the flow rate of the first pump is reduced, thus 

initiating dilution of the sample by a dilution factor, as previously described. The time taken 
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for the diluted new sample to reach the analysis instrumentation can be calculated, knowing the 
volume of pipe from the mixer to the analysis instrument, including any volume occupied by 
the diluted sample in the second pump 64. Hence, the instrument can be programmed to start 
the analysis of the new sample only when the pump system has 'purged' itself of any previous 
samples which may have remained in the pumps or tubing. 

[0046] In an alternative embodiment, the second pump is disposed between the diluent 

container and the mixing region. In this embodiment, the pump controller is capable of finely 
balancing the flow rate of each pump so that the flow of fluid to the analysis instrument 
remains constant. During the sample change over, or purge procedure described above, the 
instrument (or diluent) pump can be stopped until the new sample has been pumped to the 
junction in the mixer, at which point the diluent pump rate can be rapidly ramped up so that 
the new sample is diluted and pumped to the analyser for analysis. At the same time, the first 
flow rate is reduced so as to keep the flow to analyser constant. 

[0047] A further embodiment includes an arrangement where the first pump is 

disposed on the second pipe with the second pump being between the mixer and the analyser. 
[0048] Another embodiment is provided by an arrangement where a single pump is 

disposed between the mixer and analyser and one, or both of the flow rates in the first or second 
pipe is controlled by at least one valve, or variable constriction. The valve, or valves, can be 
controlled by the pump controller, or a separate valve controller in communication with the 
pump controller. 

[0049] The pump systems described above are in a 'closed' configuration, by which we 

mean the sample and diluent are contained in the system from the input to the output; there is 
no waste pipe (as provided by the prior art). By keeping the system closed the equations above 
are maintained during operation. It is therefore important to make sure the diluent and the 
sample do not run out during operation to prevent air entering the system. 
[0050] The tubing or pipe components of the pump system 50 should be made of 

suitably rigid materials to prevent expansion or contraction under any pressure. Such 
expansion or contraction is undesirable since it effects the volume V occupied by the sample, 
diluent and diluted sample. The expansion and contraction can be tolerated if their extent is 
determinable or predictable. 
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[0051] The mixer should preferably be designed to ensure full mixing of the sample and 

diluent by creating a turbulent flow in the mixing region of the pipe. 

[0052] The first and second pumps should provide a substantially continuous flow, 

without any pulsing. The flow rate from each pump can be determined by using independent 
flow meters disposed fore or aft of the respective pump, with an appropriate feedback loop to 
the pump controller. Alternatively, the dilution factor can be measured using an internal 
standard. An appropriate software programme can be used by the controller to automate the 
dilution of the samples and change-over from one sample to the next, as described above. The 
controller might comprise a desktop PC with appropriate input and output devices to monitor 
and control the pumps, using an appropriate software programme. 

[0053] An alternative method of determining the dilution factor can include "spiking" or 

"lacing" the sample solution with a known substance at a known concentration level. The spike 
is often referred to as an Internal Standard. Analysis of the analyser's results shows how much 
the sample has been diluted by the reduction of the level of known substance in the results. Of 
course, the known substances should be one which is not present in the sample or diluent 
before the spike is added. Such known substances might include Rhodium or Indium, for 
example. 

[0054] To obtain very accurate dilution factor levels it is preferable to spike both the 

sample and the diluent. For example, the sample can be spiked with 100 parts per billion (ppb) 
concentration levels of Rhodium and 10 ppb of Indium. The diluent is not spiked with 
Rhodium, but is spiked with indium at a concentration level of lOppb. If the sample is diluted 
by, say, a factor of fifty, the Rhodium concentration is 2ppb (after dilution). The Indium internal 
standard is still at a concentration level of 10 ppb as both the sample and diluent contain 10 ppb 
of indium. 

[0055] However, the value of Rhodium concentration varies if there is an instability in 

the dilution (such instability might be caused by an air bubble in the mixer, or by inconsistent 
mixing of sample with the diluent, for example). In the case of an air bubble passing through 
the system, the Rhodium concentration levels might read 1.2 ppb, followed by 1.99 ppb on the 
next batch and 2.0 ppb on the last batch. This leads to a mean value of 1.73 ppb, or a 13.5% 
j error of the expected dilution factor of 50:1. A correction for each batch can be made by scaling 
the values for each batch; the scaling factor for the first batch would be 2/1.2, the scaling factor 
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for the second batch would be 2/1.99 and the scaling factor for the third batch would be 2/2.0. 
This can eliminate any errors in perceived concentration levels of the sample, which would 
otherwise be in error had the anomaly in the dilution factor not been noticed. This spiking, or 
use of an internal standard, allows for dilutions in excess of 50:1 without the risk of micro- 
bubbles or mixing effects causing errors in data. 

[0056] Furthermore, spiking the diluent and sample with Indium having the same levels 

of concentration is advantageous, particularly in a situation where the sample is pumped to the 
mixer and fluid in the mixer is pumped to the instrument, but diluent is not actively pumped to 
the mixer (i.e., there is no pump on the line between the diluent vessel and the mixer, so the 
flow of diluent is related to the relative flows of the sample pump and instrument pump). 
Problems can arise when a zero dilution factor is required. To achieve zero dilution, both the 
instrument and sample pumps should rim with the same flow rates. However, if the sample 
pump is running slightly faster than instrument pump, then a portion of the sample is forced 
into the diluent, contaminating the diluent. It is therefore preferable to run the sample pump 
with a flow rate of the order of 10% less than the instrument pump's flow rate. This way the 
sample is only slightly diluted. Detecting the concentration levels of Rhodium can account for, 
or determine this small dilution factor. 

[0057] The indium spike can also be used to detect and/ or determine any variations 

which might occur in the sample ionisation process. In the case of ICP-MS the ionisation occurs 
in a plasma torch, and variations in the torch's consistency or plasma condition can be detected 
by the levels of indium detected in the mass spectrum. This is so because indium concentration 
levels should always be lOppb, but if less than this concentration is detected then a correction 
can be made to factor into the result inconsistencies in ion formation, for instance. 
[0058] Embodiments of the present invention can be used with an automated sample 

dispenser, or the like. 

[0059] Examples of samples used by embodiments of the present invention include 

drinking water, waste water, sea water, dilute acids, urine, blood, spinal fluid, dissolved solid 
or gaseous samples, or the like. These examples are by no means exclusive, and any liquid 
sample which requires analysis can be diluted prior to entering the analyser by a system which 
embodies the present invention. Of course, an appropriate diluent is required for different 
samples and the choice of diluent for a given sample does not form part of the present 
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invention. The diluent may be de-ionised water, ethanol or the like, but whatever is most 
suitable depending on the sample being analysed. 

[0060] Further embodiments of the present invention will be envisaged by the skilled 

person. For example, the embodiments have been described using in-line pumps, but it may be 
desirable to use other pumping systems. 
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